Silica gel chromatography of the dichloromethane extract of the seeds of Annona muricata afforded annoreticuin-9-one (1), while the flesh of the fruit yielded cis-annoreticuin (2) and sabadelin (3). The structures of 1-3 were elucidated by extensive 1D and 2D NMR spectroscopy and confirmed by mass spectrometry. Acetogenins 1 and 2 were first isolated from A. reticulata and A. montana, respectively. Acetogenin 1 was reported to exhibit cytotoxic activities against the human pancreatic tumor cell line (PACA-2), human prostate adenocarcinoma (PC-3) and human lung carcinoma (A-549), while 2 was reported to exhibit cytotoxicity against human hepatoma carcinoma cell line (Hep G2).
INTRODUCTION
Annona muricata Linn. of the family Annonaceae, commonly known as guyabano is a well known medicinal tree with antibacterial, antiviral and antifungal properties. Recent studies show that extracts from this plant have potential anti-carcinogenic activity. In the Philippines, it is popular for its edible fruit and is used as a folkloric herbal medicine. The juice of the ripe fruit is said to be a diuretic, while a decoction of powdered immature fruits is a dysentery remedy. [1] The ethanolic extract of the stem bark of Annona muricata demonstrated inhibitory activity against cytopathic effects of Herpes simplex virus-1 (HSV-1). [2] In another study, the Annona sp. methanolic extracts showed activity against the lytic activity of Herpes simplex virus-2 (HSV-2). [3] The dry ethanolic extract of A. muricata leaf has molluscicidal properties against both the adult forms and egg masses of Biomphalaria glabrata. [4] A. muricata aqueous leaf extract treatment has beneficial effects on pancreatic tissues subjected to Streptozotocin-induced oxidative stress. The extract was able to diminish and/or prevent pancreatic oxidative damage produced by Streptozotocin and exhibited antioxidant activity. [5] Aqueous extracts of the skin of A. muricata at 50, 100, 150 and 200 µL/dish showed antibacterial effect against Staphylococcus aureus and Vibrio cholerae. [6] Seven isoquinoline alkaloids: reticuline, coclaurine, coreximine, atherosperminine, stepharine, anomurine and anomuricine have been isolated from the leaves, root and stem barks of A. muricata. [7] The essential oil of the fresh fruit pulp of A. muricata was found to contain 2-hexenoic acid methyl ester (23.9%), 2-hexenoic acid ethyl ester (8.6%), 2-octenoic acid methyl ester (5.4%), 2-butenoic acid methyl ester (2.4%), β-caryophyllene (12.7%), 1,8-cineole (9.9%), linalool (7.8%), α-terpineol (2.8%), linalyl propionate (2.2%), and calarene (2.2%). [8] The seeds of A. muricata afforded annomuricatin A. [9] Annohexocin, a mono-THF annonaceous acetogenin has been isolated from the leaves of A. muricata. [10] The compound showed significant inhibitory effects among six human cancer cell lines: lung, breast, colon, pancreatic, kidney carcinoma with selectivity for the prostate adenocarcinoma, PC-3. The ED 50 for PC-3 was 0.0195 μg/mL, while for Adriamycin, a known chemotherapeutic drug, the ED 50 was 0.0310 μg/mL. Muricoreacin and murihexocin acetogenins have also been isolated from the leaves of A. muricata and these compounds showed significant cytotoxicities against six human tumor cell lines with selectivities to the prostate adenocarcinoma (PC-3) and pancreatic carcinoma (PACA-2) cell lines. By the Brine Shrimp Test (BST), the LD 50 are 19 and 10 μg/mL, respectively. [11] We report herein the isolation and structure elucidation of the acetogenins, annoreticuin-9-one (1) from the seeds and cis-annoreticuin (2) from the fruit of A. muricata. We likewise report the isolation of another acetogenin, sabadelin (3) from the fruit of A. muricata. To the best of our knowledge this is the first report on the isolation of 1 and 2 from A. muricata and the first reported study on the chemical constituents of a local collection of the fruit of the tree.
MATERIALS AND METHODS

General Experimental Procedures
Optical rotation was taken with a Jasco P-2000 digital polarimeter. HRMS was obtained on a Finnigan MAT 95S spectrometer. NMR spectra were recorded on a Varian VNMRS spectrometer in CDCl 3 at 600 MHz for C-NMR spectra. Column chromatography was performed with silica gel 60 (70-230 mesh), while the TLC was performed with plastic backed plates coated with silica gel F 254 . The plates were visualized with vanillin-H 2 SO 4 and warming.
Plant Material
Annona muricata fruits were collected from Painaan Rizal, Philippines in September 2010. The specimens of the plant were authenticated at the Bureau of Plant Industry in Quirino, Manila.
Extraction and Isolation
The seeds from the fruit of A. muricata were air-dried, ground in an osterizer, and then soaked in CH 2 Cl 2 for three days and then filtered. The filtrate was concentrated under vacuum to afford a crude extract (69.5 g), which was chromatographed by gradient elution using 5% EtOAc in petroleum ether, 7.5% EtOAc in petroleum ether, CH 3 CN: Et 2 O: CH 2 Cl 2 (1:1:8, v/v) and 100% acetone. The 100% acetone fraction was triturated with petroleum ether and then rechromatographed (5x) in CH 3 CN: Et 2 O: CH 2 Cl 2 (1.5:1.5:7, v/v) to afford 1 (6 mg).
The flesh of the fruit of Annona muricata (1 kg) were freezedried and soaked in CH 2 Cl 2 for 3 days. The filtrate was concentrated under vacuum to afford a crude extract (7.0 g), which was chromatographed using increasing proportions of acetone in CH 2 Cl 2 at 10% increments. The 30% acetone in CH 2 Cl 2 fraction was rechromatographed in 12.5% EtOAc in petroleum ether to afford 3 (9 mg). The 80% and 90% acetone in CH 2 Cl 2 fractions were combined and rechromatographed by gradient elution in CH 3 
RESULTS AND DISCUSSION
Silica gel chromatography of the dichloromethane extract of the freeze-dried fruit of Annona muricata afforded annoreticuin-9-one (1), cis-annoreticuin (2) and sabadelin (3) . The structures of 1 and 2 were elucidated by extensive 1D and 2D NMR spectroscopy and confirmed by mass spectrometry as follows. Five fragments of 1 ( Figure 2) The protons attached to carbons were assigned (Table 1) from HMQC 2D NMR data and the structure of 1 was elucidated by analysis of the HMBC 2D NMR data: key HMBC correlations are shown in Figure 2 . Thus, the carbonyl carbon of the lactone was assigned to C-1 on the basis of long-range correlations between H 2 -3, H-33 and this carbon. Long-range correlations were also observed between H 3 -35, H-33 and C-34. The presence of α,β-unsaturated γ-lactone in 1 was confirmed by the fragment ion at m/z 97 ( Figure 3 ). An oxymethine carbon was attributed to C-4 due to long-range correlations between H 2 -3, H 2 -5, H 2 -6 and this carbon. The carbonyl carbon of the ketone was assigned to C-9 since longrange correlations were observed between H 2 -7/H 2 -11, H 2 -8/H 2 -10 and this carbon. Fragment ions at m/z 111, 151, 165, 225 and 239 indicated the positions of hydroxyl and keto groups at C4 and C9, respectively (Figure 3) . The fragment ions at m/z 225 and 239 showed cleavage at the carbonyl and alpha carbon positions, respectively. The carbons (C-12 and C-13) and the protons (H 2 -12 and H 2 -13) were not assigned due to overlapping resonances. Another oxymethine carbon was attributed to C-15 attached to the THF at C-16 based on long-range correlations between H 2 -14, H-16, H 2 -17 and C-15. A third oxymethine carbon was detected at C-20 since long-range correlations were observed between H 2 -21, H-19, H 2 -18 and this carbon. The THF located at C-16 was supported by the fragmentation pattern (Figure 3 ) deduced from the mass spectrum (Table 1) based on long-range correlations between H 2 -30, H 2 -31 and C-32. The remaining methylene carbons (C-22 to C-29) were assigned as overlapping resonances. It is noted however, that fragment ions at m/z 57, 71, 85, 99, 113, 127, 141, 155 and 169 each resulted from the loss of a methylene. Typical fragments of acetogenins arise from C-C bond cleavage, [12, 13] α-cleavage, [11, 14, 15] hydro gen transfer, [15] [16] [17] [18] loss of H 2 O, [19] and their combinations.
Literature search revealed that 1 is annoreticuin-9-one as evidenced by similar 1 H and 13 C NMR data. [20] Annoreticum-9-one (1) was first isolated from A. reticulata. This acetogenin was also isolated from A. squamosa and reported to exhibit cytotoxic activities against the human pancreatic tumor cell line, PACA-2, with ED 50 = 2.4 × 10 -4 μg/mL; human prostate adenocarcinoma, PC-3, with ED 50 = 9.8 × 10 -3 μg/mL; human lung carcinoma, A-549, with ED 50 = 2.7 × 10 -1 μg/mL, and brine shrimp lethality test, BST, with LC 50 = 2.4 × 10 -4 μg/mL. [20] The 1 H NMR data of 2 (Table 1 ) gave similar resonances to 1. The only difference was the appearance of the oxymethine proton at δ 3.58 in 2 and the non-appearance of the α-methylene protons at δ 2.38. These suggested that the carbonyl in 1 was reduced to a hydroxyl in 2. This was supported by the 13 C NMR data of 2 (Table 1) which indicated the appearance of an oxymethine carbon at δ 71.6 and the non-appearance of the carbonyl carbon of a ketone at δ 211.4. Fragments of 2 ( Figure 4) were deduced from COSY. The protons attached to carbons were assigned (Table 1 ) from HMQC 2D NMR data and the structure of 2 was elucidated by analysis of the HMBC 2D NMR data: key HMBC correlations are shown in C NMR data. [21] Cisannoreticuin (2) was first isolated from A. montana and reported to exhibit cytotoxic activity against human hepatoma carcinoma cell line, Hep G2 with ED 50 = 2.4 × 10 -3 μg/mL. [21] Overall, the fragments obtained by EI-mass spectrometry were consistent with the structures of 1 and 2. Mass fragmentation analyses revealed that these mono-THF acetoginins have the same location of THF ring. It is noteworthy that no fragmentation corresponding to other possible locations of THF could be detected in all mass spectra. Interestingly, 1 and 2 have similar structural feature with mono-THF acetogenins that have been reported recently. [19] That is, the carbon skeleton has the form C 13 -THF-C 18 (C 35 H n O 7 ). The subtle structural difference suggests that these natural products probably arise from a common biological precursor. [7] The structure of 3 was elucidated by extensive 1D and 2D NMR spectroscopy and confirmed by comparison of its 1 H NMR and 13 C NMR data (Table 2 ) with those reported in the literature for sabadelin, [12] a constituent of the roots of A. muricata. 
